The article deals with the quality evaluation of engraved surfaces of selected materials after application of CO2 E4060 laser. A machined steel was chosen steel ČSN 11 373, engraving was carried out on aluminium alloy EN AW 7075, plexiglass XT, plywood and cardboard. Engraving was performed under predetermined power conditions and laser feed rates. Marking of metallic materials was made after applying the marking paste LMM 6000. The evaluation was made on the basis of a visual inspection and then a suitable combination of parameters was chosen for individual materials.
INTRODUCTION
Nowadays, unconventional technologies are very often used to produce shaped parts or surface design. The correct combination of process parameters with respect to the material chosen and its thickness can achieve high cut quality without burrs, scratches, upper edge friction and other defects that arise after thermal separation of materials. Laser cutting also brings many benefits associated with high manufacturing precision, low operating costs, quiet operation and, above all, zero wear of the cutting tool.
Correct setting of input parameters can result in higher cut quality. Many authors are currently dealing with this unconventional technology, where they assess the surface quality of the cut with respect to the basic process parameters such as focal length, laser power, assistant gas pressure, and cutting speed. The latter parameter is important to keep constant at the time of cutting with enough power to separate material or large burrs. A lower performance value is associated with deteriorated quality at the bottom of the cut. As for the influence of pressure and focal length, inappropriately set parameters can cause deteriorated roughness and significant burrs at the lower edge of the cut. An important function of the assistance gas is also to remove the melted material from the contact area and to protect the lens. [4] [5] In professional publications, Caiazzo et al. evaluate the cutting of thermoplastic materials, where they deal with combinations of performance and cutting speeds that degrade surface roughness from the roughness parameter Ra. The influence of laser power on the roughness of the cutting surface has a parabolic pattern. Other authors involved in laser cutting, due to process parameters, are J. P. Davis et al., who specialize in the machinability of PMMA. [1] [2] [3] Laser technology is also used for design marking not only in metals, but also in wood, leather or glass. It is a widely used application in industry as well as in the field of advertising, gift items or art. The engraving results provide resistance to abrasion and mechanical damage. Labels also use paints and pastes that are environmentally friendly and harmless to health and the environment. Laser marking consists of a chemical reaction with a change in color on the surface of material or to remove a thin layer of material by evaporation or ablation. [5] 2 EXPERIMENTAL PART Experimental work was focused on finding suitable process parameters of CO2 engraving. Engraving was carried out on selected materials as shown in Table 1 . CO2 laser is not suitable for cutting and engraving of metallic materials, although one of the samples was carbon steel W.Nr. 1.0036. Other samples included the selection of aluminum alloy EN AW 7075, X-Ray XT, plywood and cardboard. Samples were cleaned and degreased before engraving. The metal specimen was covered with a special black paste LMM 6000, which is just suitable for marking metal materials. A laser with CO2 tube was used -E 4060. CO2 tube provides cutting / engraving of all materials except metallic. For marking on metals, a special paste must be applied. Table 2 shows the technical parameters of the machine. For E4060 laser see Figure 1 . [7] Selected materials were engraved under the given conditions as shown in Table 3 . For each material, a vf feed rate and laser power P was set. Vf feed rate ranged between 150, 200 and 300 mm·s -1 and a laser power P was set at (10, 20, 40 and 60) %. The correct combination of these parameters ensures enough engraving surface quality. Not all materials can be engraved with the proposed conditions due to poor visibility of the engraved surface area. It is the best combination of both feed rate and laser power for a perfect engraved surface. [6] Steel sample of 4 mm thickness. The surface was stripped of corrosion products and degreased with the LMM 6000 paste ( Figure 2 ) to create a thin film on the surface. After drying, the surface is ready for laser treatment. [8] Experimental marking was performed on the sample with the following technical parameters. Laser power: 10 %, 20 %, 40 % and 60 % at a cons-tant feed rate of 150 mm·s -1 . The optimal technical parameters ( Figure 3 ) were selected: laser power at 40 %, 150 mm·s -1 feed rate. The laser thus set left the ideal track on the surface of the material. It has a distinctive color contrast along with a satisfactory abrasion resistance. Laser power at 10 % left no trace on the surface. 20 % laser power left the best color footprint on the surface of the material, but with very low abrasion resistance. The paste has not been able to be spattered here, so this setting is inappropriate for use where frequent material scraps are encountered. Laser power at 60 % left a very faint footprint on the surface of the material. The color contrast is too weak in this case. Resistance to abrasion is best here.
•
Aluminum EN AW 7075
Aluminum sample 10 mm thick. As with the steel sample, the surface was stripped of corrosion products, degreased and smeared with the LMM 6000 paste ( Figure 4 ). [8] Experimental marking was performed on the sample with the following technical parameters. Laser power: 10 %, 20 %, 40 % and 60 % at a constant feed rate of 150 mm·s -1 . The optimal technical parameters ( Figure 5 ) were selected: 60 % power, 150 mm·s-1 feed rate. The laser thus set left the ideal track on the surface of the material. Marking is of high quality, it is distinguished by its color saturation, its distinctive contrast and no visible laser cut or other deficiencies. Resistance to mechanical wear is very good. Laser power at 10 % left no trace on the surface. The laser power of 20 % left only a slight trace on the surface, which was easily wipe able. If we only had a laser with this power, we could reduce the feed rate, so we would get better results. With 40 % laser performance, high quality labelling has also been achieved. Color contrast is satisfactory, resistance to mechanical wear is also very good. The sample exhibits a lower color saturation and a greater number of imperfections at the edges of the labelled area than the 60 % labelled area.
Plexiglass XT
The plexiglass sample has a thickness of 10 mm. Plexiglass was cleaned and degreased before the experiment. Figure 6 Plexiglass, first sample XT marking [8] Experimental marking was performed on the first sample with the following technical parameters: Laser power: 10 %, 20 %, 40 % and 60 % at a constant feed rate of 200 mm·s -1 . The optimal technical parameters ( Figure 6) were selected: power 20 %, feed rate 200 mm·s -1 , this setting shows the best surface area engraved. With this laser performance, the engraved surface is soft and consistent across its surface. As shown in Figure 11 , the contrast between the glossy plexiglass surface and the embossed pattern is well visible at just 20 % of the performance. The manufacturer of this plexiglass guarantees good laser machining. With a performance of 10 %, the engraved part is barely visible, so this setting is not suitable for any use. At 40 % laser performance, the engraved surface is considerably deformed and the plexiglass peels gently off at the edges, resulting in slight burrs at the edges. At 60 %, the surface is very rough, with marks at the edges of the laser beam.
Figure 7-Plexiglass, second sample XT marking
Experimental marking was performed on the 2nd sample of plexiglass with the following technical parameters: laser power: 10 %, 20 %, 40 % and 60 % at a constant feed rate of 300 mm·s -1 . Optimal technical parameters have been selected: 40 % power, 300 mm·s -1 feed rate, this setting shows the best surface of the engraved surface. With this laser performance, the surface is sufficiently contrasting against the glossy surface of the plexiglass. The engraved surface is deep enough, so it will be resistant to mechanical wear. Surface roughness is acceptable, it does not interfere with aesthetic impression, suitable for marking advertising materials. Thanks to its low power and high feed rate, work on these technical parameters is very effective. With 10 % performance, almost no mark was obtained, as shown in Figure 7 . At 20 %, the engraved surface is contrasting with its surroundings, but at this feed rate there are small areas that are not machined on the test surface. This is due to high feed rate and low laser power. The beam in this case did not have enough time to burn the entire surface of plexiglass. If we use 60 % laser power and 300 mm·s -1 feed rate, we get a surface that is very rough, deep in plexiglass thickness and edge that carries traces of laser beam passage. This is due to the large removal of material that occurs when increasing the performance of the laser device.
• Plywood
The experiment was performed on two plywood samples at different feed rates of 200 mm·s -1 and 300 mm·s -1 . With this laser power, the surface is sufficiently contrasting with its surroundings and there is no significant loss of material. The surface is not degraded, the engraved part does not exceed the predetermined space. There are no obvious defects. At 20 % laser performance, the surface is darker, which we positively appreciate, but the embossed pattern penetrated very deeply and there is a slight burn. This is due to the high heat release of the laser beam. The solution is to reduce laser power or choose a higher feed rate. When laser power is applied at 40 %, the surface is even deeper, the surface is dark brown and shows signs of great degradation. When using the laser at 60 %, the burning of the last plywood board almost occurred. The surface is very rough. The margins carry a wide footprint, which is not aesthetically auspicious, so this setting of technical parameters is not appropriate.
Experimental marking was performed on the 2nd sample with the following technical parameters: laser power: 10 %, 20 %, 40 % and 60 % at a constant feed rate of 300 mm·s -1 . In general, all the results of the second sample are better at using the same performance values than the first sample. The optimal technical parameters have been selected: 20 % power, 300 mm·s -1 feed rate, this setting displays the best surface of the engraved surface. With this setting of technical parameters, the surface looks very good, the contrast between the surroundings is strong enough. The depth of the engraved surface is slight, the edges are sharp without any burns. Compared with the first sample, this laser setting appears to be the best. Thanks to higher feed rates, we can achieve better economic results. A 10 % power output does not produce a sufficiently large contrast color that is different from the surrounding, color saturation is not constant, it depends a lot on the substrate. When the power setting is at 40 %, there is a significant margin of burn, the surface of the engraved surface is rough. At 60 %, the last layer of plywood was almost burnt. The edges are visibly tanned. The surface of the marked area is very rough.
• Cardboard
The experiment was performed on two carton patterns at different feed rates 200 mm·s -1 and 300 mm·s -1 . The surface of the material is not degraded, there is only a minimal loss of material.
The edges are sharp without obvious defects or visible laser cut. When using 20 % of the power, a darker designation of the material is achieved, but the surface is rough. The margins bear a trace of tan, which is not ideal from the aesthetic point of view. When using 40 % of the power, the sample almost burned. The surface is very rough, and the edges carry a significant tan. With a laser power of 60 %, a burning in the entire width of the cardboard was achieved.
Experimental marking was performed on the 2nd sample with the following technical parameters: laser power: 10 %, 20 %, 40 % and 60 % at a constant feed rate of 300 mm·s -1 . Optimal technical parameters were selected: power 20 %, feed rate 300 mm·s-1. This setting shows the best surface of the engraved surface. With this performance, the marked area looks best. Contrast is very satisfying; color saturation reaches extraordinary levels. With this laser set it is possible to mark for decorative purposes, for example when branding diary plates. When using 10 % power, the markings do not get enough, and the contrast is very weak. Laser performance at 40 % left a nice surface, but the disadvantage of this setting is burn around the edges, the degradation of the surrounding material is aesthetically unacceptable. With 60 % output and 300 mm·s -1 feed rate, the material is almost translucent.
CONCLUSION
Laser technology is continually advancing, including marking and engraving. The basic rule is a suitable combination of process parameters with regard to the choice of material and its thickness. It is necessary to avoid deteriorated cut quality with the occurrence of scratches, burrs, bottom edges, overhangs and other defects occurring during the thermal separation of materials. The article dealt with the visual evaluation of the engraved surface on various materials including steel using the E4060 CO2 cutting and engraving laser.
This work was mainly focused on marking (engraving) of 5 different types of materials, namely steel ČSN 11 373, aluminium EN AW7075, plexiglass XT, plywood and cardboard. For all these materials, appropriate technical parameters (power and laser feed rate) have been found. The optimal technical parameters for the steel were chosen: 40 % power, 150 mm·s -1 feed rate. For aluminium alloy, the surface exhibited the best performance at a power of 60 % and a feed rate of 150 mm·s -1 . For the marking of plexiglass, plywood and cardboard, two samples were tested with a different feed rate of 200 mm·s -1 and 300 mm·s -1 in order to determine the maximum efficiency of the laser device. The ideal result for plexiglass marking was reached at a power of 20 %, a feed rate of 200 mm·s -1 for the first sample and for the second sample at a power of 40 % and feed rate of 300 mm·s -1 . Another test material was plywood. It will produce the best marks on its surface using 10 % power, a feed rate of 200 mm·s -1 for the first sample and a second sample at a power of 20 % and a feed rate of 300 mm·s -1 . The last selected material was cardboard. Labelling of this material is also very easy for less powerful lasers. For optimal labelling, we chose 10 % power, 200 mm·s -1 feed rate and 20 % power at the second sample at a feed rate of 300 mm·s -1 .
In general, metallic materials need higher laser power and lower feed rates. With plexiglass, plywood and board, we have achieved ideal results with lower performance and higher feed rate.
As a result of this experiment, it was found that maximum power may not always ensure the best designation of the sample, and for each material it is necessary to set different conditions on the laser for marking by engraving. We can say that the metal needs a stronger and more powerful laser with better technical specifications than the laser used by us.
